of Sorghum dried distiller's grains with solubles (S-DDGS) is lower than in corn DDGS. Oil content has a positive correlation with ADG and weight gain : feed intake (G:F) (Graham et al., 2014a (Graham et al., , 2014b .
Increasing the amount of S-DDGS in pig diets linearly reduced growth performance (Sotak et al., 2014 (Sotak et al., , 2015 . Previous studies showed that adding up to 20% of S-DDGS to the diet of nursery pigs (Senne et al., 1995) and up to 30% in growing and finishing pig diets (Cerisuelo, Moset, Bonet, Coma, & Lainez, 2012) caused no negative effects on growth performance.
As a fermentation product, DDGS contains many natural immune activators, such as β-glucan and mannan oligosaccharide, both of which can improve livestock and poultry immune systems and reduce digestive tract disease (Pomerenke, Souza, & Shurson, 2010) . Previous research has shown that β-glucan induced the serum secretion of interleukin 8 (IL-8), interleukin 4 (IL-4), interleukin 12 (IL-12), interleukin 6 (IL-6), interferon-γ (IFN-γ) and gave rise to the release of IL-10 (Sonck, Stuyven, Goddeeris, & Cox, 2010) and increased levels of serum immunoglobulin A (SIgA) and immunoglobulin G (IgG; Lim, Yildirim-Aksoy, & Klesius, 2009; Sauerwein, Schmitz, & Hiss, 2007) .
Up to now, none of scientific manuscripts are related to S-DDGS on rabbit production. The objective of this study was to investigate the effects of S-DDGS on the growth performance, diet nutrient digestibility, carcass characteristics and immunity in rabbits.
| MATERIAL S AND ME THODS

| Animals, housing and experimental design
The experiment was carried out in accordance with the Animal Care and Use Guidelines of the College of Animal Science and Technology, Southwest University, Chongqing, China. Two hundred male New Zealand white rabbits were used in the present study.
Before the test, the rabbit house was completely flushed and disinfected. Two rabbits were housed together in cages that were made of galvanised wire with bamboo flooring. The size of the cages was 45 cm × 50 cm × 37 cm. All rabbits were weaned at 35 days of age. After a 7-day adjustment period, 42-day-old rabbits were randomly allocated to five treatments for 28 days, with five replicates in each treatment and eight rabbits per replicate. The percentage of S-DDGS in the five treatments was 0, 75, 150, 225 and 300 g/kg.
The composition and chemical analyses of the experimental diets are shown in Table 1 . The diet was made into pellets approximately 4 mm in diameter and 8 mm long. Rabbits were manually fed twice a day at 08:00 and 17:00 hr. Experimental rabbits were free to water and feed at ad libitum. The feed consumption was recorded per replicate (four cages).
| Growth performance
Rabbits were weighed per cage on the initial and final days of the trial, and the feed intakes were recorded daily. Then, the average daily feed intake (ADFI), average daily gain (ADG) and feed conversion ratio (FCR) were calculated.
| Apparent total tract digestibility
During the 5 day experiment, fresh faeces from six cages (12 rabbits) of each treatment were collected and stored at −20°C until subsequent analysis. All faeces samples were removed the feathers and scales and dried in 65°C for 72 hr. Then faeces were ground for chemical analy- was determined according to Vogtmann, Pfirter, and Prabucki (1975, modified by Newkirk, Classen, Scott, & Edney, 2003) . All data were expressed on a DM basis, and AIA was used as an internal marker. The apparent total tract digestibility of nutrients (ATTD) was calculated using the following formula:
| Carcass characteristics
At the end of the trial, two rabbits near to the average body weight from each replicate (10 rabbits per group) were weighed and euthanised by cervical dislocation. After slaughter, carcass weight was recorded without blood, skin, head, tail, the distal part of the legs and all internal organs. Carcass yield was expressed as percentage of live body weight.
| Immunity
| The immune organ indices
The thymus index (%) = (thymus weight/live weight) × 100
The spleen index (%) = (spleen weight/live weight) × 100.
| Cytokine and Immunoglobulin
Before slaughter, a 10 ml blood sample was taken from the heart and centrifuged for 10 min at 1,372 g to separate serum. The 
| Statistical analyses
In this experiment, replicate was considered the statistical unit. The data were analysed by one-way ANOVA in SPSS statistical software (20.0). The homogeneity of variances was tested, and differences between means were determined by Duncan's test. The level of statistical significance was set at p < 0.05.
| RE SULTS
| Growth performance
No difference was found in final body weight (BW) among the 0, 75
and 150 g/kg groups; however, final BW in the 225 and 300 g/kg groups was significantly lower than in the 0 g/kg group ( 
| Apparent total tract digestibility
Increasing S-DDGS linearly decreased (p < 0.001) the ATTD of DM, OM, CP and ash. The 150, 225 and 300 g/kg S-DDGS groups were linearly lower than the control group (p < 0.05, Table 3 ). On the contrary, ATTD of EE was linearly and quadratically improved.
| Carcass characteristics
Carcass weight, carcass yield, heart and liver weights were linearly decreased by an increase amount of S-DDGS added to diets (p < 0.001, Table 4 ), but no difference was observed between the 0, 75 and 150 g/kg S-DDGS groups (p > 0.05). There was no difference in kidney weights between treatments (p > 0.05).
| Immunity
The effects of dietary S-DDGS on immunity are presented in Table 5 . During the experimental phase, the addition of S-DDGS did not significantly affect the thymus index (p > 0.05). The spleen indices in the 225 and 300 g/kg S-DDGS groups were significantly lower were significantly (p < 0.05) lower than those in 225 and 300 g/kg S-DDGS groups. Statistically significant differences in SIgA were noticed between rabbits fed control diets and feed mixtures containing added S-DDGS (p < 0.01).
TA B L E 2 Effects of dietary S-DDGS on growth performance in growing rabbits
| D ISCUSS I ON
| Growth performance
A decreased bulk density of S-DDGS may decrease the ADFI (Sotak et al., 2015) . Poor feed palatability of S-DDGS may lower the ADFI, especially in the early growth stage (Cerisuelo et al., 2012) . However, in the present study, the ADFI was similar among the five treatments. The possible reason is that the diet was made into pelleted feed. Another possible reason lies in the fact of eating habits, by which rabbits ate 30-40 meals a day (Gidenne et al., 2009 ).
Increasing addition of S-DDGS linearly decreased the ADG and ADFI of finishing pigs, but G:F did not change significantly (Sotak et al., 2015) . Feoli (2008) found that a 30% dietary addition of S-DDGS in nursery pigs and 40% S-DDGS in finishing pigs, the ADF, ADFI and G:F all decreased.
Barekatain, Antipatis, Choct, and Iji (2013) reported that even an addition of 10% S-DDGS increased the FCR. In the current experiment, 75 g/kg of added dietary S-DDGS had no significant effects on the growth performance of rabbits. When added S-DDGS was above 150 g/kg, the ADG and G:F were significantly reduced. The distillation process increased the NSP concentration (Jones et al., 2010) . The deterioration of the ADG and G:F was induced by high levels of S-DDGS, the presence of non-starch polysaccharides, decreased protein digestibility, increased ileal viscosity and reduced activity of digestive enzymes .
TA B L E 3 Effects of dietary S-DDGS on apparent total tract digestibility coefficients (CATTD) in growing rabbits †
TA B L E 4 Influence of dietary S-DDGS on carcass characteristics in growing rabbits
TA B L E 5 Influence of S-DDGS on immunity in growing rabbits
Items
Sorghum DDGS inclusion (g/kg feed)
SEM
Polynomial contrast
In growing pigs, the addition of DDGS to the diet has frequently been associated with reduced performance, due to lower availability and digestibility (Fastinger & Mahan, 2006; Stein, Gibson, Pedersen, & Boersma, 2006) .
In the diets of this study, lysine content decreased together with the increasing S-DDGS. Falling lysine level in diets containing DDGS was observed before (Alagón et al., 2015; Strychalski et al., 2014) , which may limit the protein uptake. It is also practiced to add synthetic lysine to diets containing DDGS (Youssef et al., 2012) . At the same time, ether extract decreased in S-DDGS diets, which may decrease the growth performance of rabbits.
In the previous study with different feed formulation, nutritional level and experimental condition, the New Zealand white rabbits showed different growth performance. The range of average daily feed intake, daily weight gain, feed conversion ratio during 35-90 days of age are 86.1-141.0, 28.5-40.1, 2.10-4.20 g/day, respectively, and converted body weight at 70 days of age is 1.80-2.60 kg (Eiben et al, 2011; Juskiewicz et al, 2008; Oliveira, Silva, Araújo, Silva, & Bento, 2012; Palazzo et al, 2015; Rotolo et al, 2014) .
| Apparent total tract digestibility
In this study, with the increasing inclusion of S-DDGS, the digestibility of CP,DM, OM and ash decreased, in agreement with the reports of Barekatain, Antipatis, et al. (2013) , Huallpa (2013) and Strychalski et al. (2014) . Due to the increased bulk of digesta in the small intestine of rabbits from the DDGS groups, the transit of intestinal digesta and the following absorption of dietary components may be decelerated (Strychalski et al., 2014) . In fact, the higher levels of insoluble and indigestible fibre in diets containing DDGS promote lower mean retention time (Garcia, Falcaoecunha, & Blas, 2002) , which may lower the digestibility of the nutrient.
Interestingly, in contrast to the decrease of protein, DM, OM and ash, EE digestibility increased in our study. While the EE apparent digestibility coefficient is usually proportional to the dietary fat (Pascual et al., 2002; Van Manen, Verstegen, Meijer, & Beynen, 1989) , there is negative relationship between the degree of saturation and fat digestibility (Xiccato, 2010) . DDGS has high levels of unsaturated fatty acids (UFA; Sotak et al., 2015) . At the same time, the faecal excretion of endogenous fat can diminish the calculation of apparent digestibility, in respect to increasing fat, which led to an increase in EE digestibility (Van Manen et al., 1989) . Additionally, EE in S-DDGS diet decreased, which may increase the higher apparent digestibility.
| Carcass characteristics
Carcass characteristics are important parameters reflecting the animal meat performance. In this experiment, the carcass weight decreased with the increasing S-DDGS inclusion. This result is consistent with reports on S-DDGS in pigs (Feoli, 2008) . The high level of insoluble fibre in DDGS may swell and result in bulkier digesta, causing a larger gastrointestinal tract to develop (GonzalezAlvarado, Jimenez-Moreno, Lazaro, & Mateos, 2007) . In the processes of animal growth and development, the digestive and internal organs always benefit from priority development, while, comparatively, body development lags. When visceral weight increased with increasing amounts of added of DDGS Linneen et al., 2008) , carcass characteristics decreased.
| Immunity
The thymus and spleen glands are important immune organs. It is generally believed that the bigger the immune organ index is, the stronger the immune ability is. In this study, the thymus index of the experimental groups had no significant difference when compared to the control group. The spleen index in the 75 and 150 g/kg S-DDGS groups had no significant difference compared to the control group.
The spleen index in the 225 and 300 g/kg S-DDGS groups decreased significantly compared to the control group. All of the results stated above showed that when the S-DDGS content was no more than 150 g/kg, there was no side effect on rabbit immune organs.
In the present study, in the 75 and 150 g/kg S-DDGS groups, IL-6 and IL-10 had no significant difference compared to the control group. In the 225 and 300 g/kg S-DDGS groups, the content of IL-6 and IL-10 significantly increased compared to the control group.
Fermentable fibre could increase colonic IL-6 (Pie et al., 2007) , and DDGS was more likely to increase ileum IL-6 mRNA expression than soy hulls and citrus pulp (Weber, Ziemer, & Kerr, 2008) . IL-6 belongs to the pro-inflammatory cytokines, which play an important part in the activate immune system during overwhelming bacterial or viral infection (Spurlock, 2006) . However, an excessive production of proinflammatory cytokines may reduce animal performance (Johnson, 1997; Spurlock, 2006) , which agrees with the impaired growth of rabbits in the present study. IL-10, as a the anti-inflammatory cytokine, could adjust balance between pro-and anti-inflammatory mediators (Hoqaboam et al., 1998) and eliminate inflammation after destroying invaders and restoring the body to the normal immune and physiological level. β-glucan may modulate the production and release of anti-inflammatory agents, such as IL-10, to inhibit pro-inflammatory cytokine synthesis (Li et al., 2005) and to alleviate the unfavourable factors induced by increasing addition of S-DDGS in this experiment. Weber et al. (2008) found that dietary DDGS could help piglets resist intracellular campylobacter infection and increase mRNA expression of IL-6, IL-1β and IL-10 in the ileum. In addition, the S-DDGS increased serum SIgA level in the current study, which attributed to the promotion of IL-6 (Mora et al., 2006) .
| CON CLUS IONS
The results indicate that adding 75 g/kg S-DDGS to a corn-soya bean meal diet did not affect the growth performance, carcass characteristics, immunity and caecal fermentation compared to the control group. However, the addition of 225 and 300 g/kg S-DDGS significantly reduced the growth performance and carcass characteristics, but increased the levels of pro-and anti-inflammatory cytokine response. In the future, the addition of an exogenous enzyme to overcome the slight adverse effect of adding 150 g/kg S-DDGS to rabbit finishing diets should be examined. 
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